Abstract. This paper generalizes and extends a numerical formulation within the method to simulate the behaviour of skew composite plate bending. It is of pivotal importance to note that despite the spread use of skew plates, the published literature shows an important lack of scientific works regarding these particular structures. The main goal of the development described in this work is to provide a numerical tool that could be used to obtain approximate solutions for bending problem of skew composite plates subjected to different loading and various support conditions. Both homogeneous and fibre-based materials are investigated. The skew plate behaviour depend on several parameters namely, the skew angle, boundary conditions and constitutive material. Dependence on these parameters is investigated trough numerical results.
Introduction
The use of laminated composite in many engineering applications has been expanding rapidly in the past four
Problem formulations
The method offers a solution based on the small deflection theory of plate bending and the classical applications has been expanding rapidly in the past four decades due to their higher strength and stiffness to weight ratios when compared to most metallic materials. In particular, laminated composite skew plates are frequently used in various engineering applications and have a spread economical application in different area of science including aerospace, marine, mechanical, and modern highways.
For example, enormous amounts of money and resources are invested every year in design and construction of new roads. The use of composite skew plates in civil engineering, particularly in skew bridges, can lead to the economical solutions and enables the construction of straight, aesthetic and safe highways needed to carry on increasing speeds of present-days traffic. Despite this practical interest, problems of skew plate bending have not yet been correctly addressed in the published literature. Relatively little is to be found in the engineering literature regarding composite skew plates, partially due to the lack of analytical solutions and to the numerical difficulties encountered with regard to modelling composite plate behaviour specially when dealing with a highly skew angle. Therefore, the design of composite skew plates is at present based on numerical data provided by computational models, and influenced by comparisons with rectangular and square plates which can be solved analytically. A high quality numerical approximation of skew plate behaviour is obtained by the use of a numerical approach like BEM, FEM and FDM. [1] [2] [3] [4] [5] deflection theory of plate bending and the classical elasticity. This simplified theoretical model was designed for thin lamina of orthotropic material with different properties in different directions Consider a linear elastic composite material in which is locally orthotropic and globally orthotropic. This means that in each point of the structure the stress-strain relation is given as: The elastic constants involved in the calculations were E 1 and E 2 , the Young's moduli in the longitudinal and transverse directions of a unidirectional composite, G 12 , the longitudinal-transverse shear modulus, and ν 12 the effective Poisson's ratio.
The strength and stiffness of a composite build-up depends on the orientation sequence of the plies. For an orthotropic thin plate under plan stress, the bending moments are expressed in terms of transversal displacement as: 
Numerical implementation
In the following section, we describe an efficient approach for the analysis of skew orthotropic plates. Obviously, it turns out that an adequate meshing is essential for such problems. Figure 1 shows a triangular mesh that is aligned with the skewed geometry of the plate. As it is frequently done, an appropriate coordinate system adapted to the constraints of the problem is chosen. Therefore, triangular coordinate system (x 1 ,x 2 ,x 3 ) is used instead of ordinary cartesian rectangular coordinates as shown in figure 1. different operators in figure 2 and 3. A much more refined meshing of (12x12) and (16x16) grids is required to obtain closer values to Morley's analytical solutions.
Simply supported orthotropic skew plate
In this section, we are interested to analyse orthotropic skew plate for two different materials EGlass/Epoxy and Graphite/Epoxy with simply supported boundary conditions.
The table 3 and 4 below shows the data for geometric parameters and the specifications of mechanical properties of E-Glass/Epoxy and Graphite/ Epoxy. The plate has length a in x and y direction and thickness h in z directions. The data assumed for geometric parameters and material properties of the skew plate are: side length a=254 cm, thickness h=2,54 cm; Young's modulus E=210 GPa , Poisson's ratio, ν=0,3. The plate is subjected to uniformly distributed transversal pressure of intensity, q=1,95 kN/m 2 .
The maximal deflexion is expected to be at the center of the plate. In table 2, numerical values of central deflexions of investigated skew plates is represented for different meshes and various skew angles (α varying from 30° to 90°). Other numerical analyses are also carried out by using FEAP program version 7.5 [8] . Four node quadrilateral plate elements with tree degrees of freedom on each node are used for calculation. Obtained numerical results are shown in table 2 and compared with an analytical solution given by Morley [6] .
A very good agreement is achieved between finite element data and our numerical results. From results given in Table 2 , we can observe that the proposed numerical method yields a high level of accuracy using regular meshes
properties of E-Glass/Epoxy and Graphite/ Epoxy. Using the numerical model proposed in this paper, a computer program package capable of simulating the mechanical behaviour of orthotropic skew plates is developed using Compaq / Digital Visual Fortran. Finitedifference schemes on grids consisting of regular triangles are used for modelling skew plate as described in the previous section.
Results on tables 6 and 7 show numerical solutions obtained respectively for E-Glass/Epoxy WR/5920 and Graphite/Epoxy T300/5208 composite plates. The central deflection has been reported for simply supported rhombic plates for different skew angles (α angle) and different grids.
Numerical results given by our model are checked against the only existing analytical solutions of uniformly loaded thin square plate. Under the same conditions of the problem, the analytical solutions are shown in table 5. 
Conclusions
In this brief note we have presented a numerical study on the bending problems of skew composite plates. Typical cases of skew plates are analysed with various skew angles. The validity of the proposed procedure is confirmed by numerical examples. Two quite different examples are selected for the investigation. Hence, central deflexions obtained for the two examples are compared to available analytical solutions and other finite element solutions. A very close agreement is observed in all cases.
